Local delivery of iron chelators reduces in vivo remodeling of a calcium phosphate bone graft substitute.
Iron chelators are known activators of the Hypoxia Includible Factor-1α (HIF-1α) pathway, a critical cellular pathway involved in angiogenic responses to hypoxia. Local delivery of these chelators has shown promise in bone tissue engineering strategies by inducing angiogenesis and osteogenesis. Hypoxic microenvironments are also a stimulus for osteoclast differentiation and resorptive activity, a process likely mediated by HIF-1α. In vitro, low doses of the iron chelator Deferoxamine (DFO) has shown to induce HIF-1α mediated osteoclast formation and function. However other studies have proposed an opposite in vitro effect likely through HIF independent mechanisms. To investigate use of these medications in bioceramic based bone tissue engineering strategies this study aimed to determine the in vivo effect of local delivery of iron chelators on bioceramic remodeling. A non-weight bearing cranial onlay model was used to assess monetite resorption and new bone formation in the presence or absence of a repeated delivery of two iron chelators, DFO and 1,10 Phenanthroline (PHT) at doses known to induce HIF. We found a marked reduction graft resorption and remodeling associated with iron chelation. This was correlated to a 3-fold reduction in osteoclast number at the bone graft interface. Iron is needed for mitochondrial biogenesis during osteoclastic differentiation and reducing extracellular iron levels may inhibit this process and possibly overpower any HIF induced osteoclast formation. Our findings suggest that these inexpensive and widely available molecules may be used to locally reduce bioceramic scaffold resorption and encourages future investigations of iron chelators as bone anti-resorptive agents in other clinical contexts. Low doses of iron chelators can induce angiogenesis and osteogenesis in repairing bone by stimulating the oxygen sensitive gene; hypoxia inducible factor. These medications have potential to augment bioceramic based bone tissue engineering strategies without the downsides of protein-based growth factors. HIF activation is also known to stimulate osteoclast-mediated resorption and could potentially accelerate remodeling of biocermaics, however we have shown that the local delivery of iron chelation at doses known to induce HIF resulted in a reduction of monetite resorption and a significant decrease in osteoclast number at the bone graft interface. This maybe due to HIF independent mechanism. This is the first study to show a local effect of iron chelators in vivo on osteoclast-mediated resorption. This opens the potential of further study of these bifunctional medications to modulate resorption of biocermaics in environments where a prolonged presence of material is desired for graft site stability. Moreover these safe widely used medications can be explored to locally reduce osteoclasts in pathological bone resorption.